The powerful, long-lasting association between the rewarding effects of a drug and contextual cues associated with drug administration can be studied using conditioned place preference (CPP). The GABA B receptor agonist baclofen facilitates the extinction of morphine-induced CPP in mice. The current study extended this work by determining if baclofen could enhance the extinction of methamphetamine (Meth) CPP. CPP was established using a six-day conditioning protocol wherein Methpairings were alternated with saline-pairings. Rats were subsequently administered baclofen (2 mg/kg i.p. or vehicle) immediately after each daily forced extinction session, which consisted of a saline injection immediately prior to being placed into the previously Meth-or saline-paired chamber. One extinction training cycle, consisted of six once-daily forced extinction sessions, mimicking the alternating procedure established during conditioning, followed by a test for preference (Ext test). CPP persisted for at least four extinction cycles in vehicle-treated rats. In contrast, CPP was inhibited following a single extinction training cycle. These data indicate that Meth-induced CPP was resistant to extinction, but extinction training was rendered effective when the training was combined with baclofen. These findings converge with the prior demonstration of baclofen facilitating the extinction of morphine-induced CPP indicating that GABA B receptor actions are independent of the primary (unconditioned) stimulus (i.e., the opiate or the stimulant) and likely reflect mechanisms engaged by extinction learning processes per se. Thus, baclofen administered in conjunction with extinction training may be of value for addiction therapy regardless of the class of drug being abused.
Methamphetamine (Meth) is a highly abused psychostimulant. Even after long periods of abstinence, cues associated with the rewarding properties of psychostimulants can elicit drug-craving and seeking Hartz et al., 2001; O'Brien et al., 1992) . Thus, relapse to drug use remains a major challenge for psychostimulant-addicted individuals. These responses are attributed at least in part to the robust associative learning that occurs between contextual cues (conditioned stimulus) and the rewarding effects of abused substances (unconditioned stimulus) as well as the enduring nature of the drug-context memory. This long-lasting association can be demonstrated in the laboratory with conditioned place preference (CPP) in humans and laboratory rodents (Childs & deWit, 2009; O'Brien et al., 1998; Tzschentke, 1998; Tzschentke, 2007) , where the preference for the drug-paired context is robust and can persist for long periods of time. Unwanted associative memories can be disrupted by employing extinction learning procedures. For example, extinction procedures can reduce cue-induced anxiety associated with posttraumatic stress disorder in humans (Brunet et al., 2008; McCleery & Harvey, 2004) . However, extinction of reward-related memories is not particularly efficacious in reducing relapse in abstinent drug-dependent humans (Conklin & Tiffany, 2002) or in rodent models of addiction (Crombag & Shaham, 2002; Di Ciano & Everitt, 2004) which may be the consequence of studies not achieving optimal extinction procedures (e.g., number of extinction sessions or the proper cues used); but there is evidence that combining extinction therapy with a pharmacotherapy (e.g., ligands that target the GABA B receptor) can reduce cue-elicited relapse in humans (O'Brien et al., 1990) and mice (Heinrichs et al., 2010) .
Currently there are no FDA-approved pharmacotherapies for Meth addiction; however, the GABA B receptor has received considerable attention as a potential therapeutic target (Brebner et al., 2002; Rose & Grant, 2008; Xi and Gardner, 2008) . GABA B receptors negatively regulate neurotransmitter systems important for reward-mediated behaviors and mnemonic processes, including glutamate (Harte & O'Connor, 2005; Lei & McBain, 2003; Porter & Nieves, 2004; Yamada et al., 1999) and dopamine (Santiago et al., 1993a; Santiago et al., 1993b; Smolders et al., 1995; Westerink et al., 1996) . Cues associated with drug reward activate limbic brain regions in drug-addicted humans (Childress et al., 1999; Childress et al., 2008) and rodents (Brown et al., 1992; Ciccocioppo et al., 2001; Franklin & Druhan, 2000; Rhodes et al., 2005; Zombeck et al., 2008) . This activation is attributed to the hyperresponsiveness of glutamatergic (Bell et al., 2000; Hotsenpiller et al., 2001 ) and dopaminergic (Lin et al., 2007) systems in response to drug-associated cues. Imaging studies indicate that baclofen, a GABA B receptor agonist, blunts the limbic activation associated with visual drug cues in drug-addicted humans (Brebner et al., 2002) . Baclofen also inhibits the expression of many psychostimulant-induced behaviors in rodents including CPP (Li et al., 2001) , motor sensitization (Bartoletti et al., 2004; Frankowska et al., 2009; Hotsenpiller & Wolf, 2003; Lhuillier et al., 2007) and conditioned motor sensitization, and selfadministration (Brebner et al., 2005; Campbell et al., 1999; Filip et al., 2007; Ranaldi & Poeggel, 2002; Roberts & Andrews, 1997; Smith et al., 2004; Weerts et al., 2007) . It is clear that baclofen can alter learning and memory process. Particularly relevant to the current study is the recent demonstration that baclofen administered immediately after daily forced extinction training sessions facilitated the extinction of morphine-induced CPP (Heinrichs et al., 2010) . As baclofen modulates neurotransmitter systems that are critical for the expression of psychostimulant-induced behaviors as well as the extinction of opiate-induced CPP, we sought to determine the efficacy of baclofen to facilitate the extinction of Meth-induced associative learning. This experimental endeavor also determined if the baclofen effect seen with morphine-induced CPP generalized to the psychostimulant Meth.
Method

Animals and Housing
Forty male Sprague-Dawley rats (Harlan, Indianapolis, IN) weighing 250-300 g at the start of the study were acclimated to the vivarium (a climate-controlled environment on a 12-hr light/dark cycle), for at least one week prior to the onset of the experiments. Rats were housed in pairs and allowed ad libitum access to food and water. Cage mates were given identical pharmacological treatments. Rush University Medical Center housing facilities are accredited through the Association for Assessment and Accreditation of Laboratory Animal Care, and all experiments were carried out in accordance with the conditions set forth by the National Institutes of Health Guide for the Care and Use of Laboratory Animals (National Research Council, 1996) and with the approval of the Rush University Medical Center Institutional Animal Care and Use Committee.
Drugs
(ϩ)Methamphetamine HCl (Sigma, St. Louis, MO) was dissolved in 0.9% sterile saline, and the dose, 1 mg/ml/kg, was administered as the base. Baclofen was also dissolved in 0.9% saline and administered at a dose of 2 mg/ml/kg (Sigma, St Louis, MO). Saline vehicle injections 1 ml/kg. All injections were given intraperitoneally (i.p.).
The baclofen dose of 2 mg/kg is within the range of doses used in laboratory rats to successfully attenuate psychostimulantinduced behaviors, including Meth-induced CPP (1.25, 2.5, 5 mg/kg, i.p. were tested) (Li et al., 2001) , cocaine selfadministration (2.5 mg/kg, i.p.) (Smith et al., 2004) , amphetamine self-administration break point (1.8, 3.2, 5.6 mg/kg, i.p.) (Brebner et al., 2005) , and amphetamine-induced motor sensitization (2 mg/kg, i.p.) (Bartoletti et al., 2004) . In addition, we determined in pilot studies that while motivated motor behavior assessed on the rotarod (San Diego Instruments, San Diego, CA) was inhibited by 4 mg/kg baclofen and spontaneous motor activity was decreased by 3 mg/kg baclofen, 2 mg/kg did not alter motor function (unpublished data).
Apparatus for Assessing Behavior
The test room was dimly lit (54 -108 lx) with white noise (San Diego Instruments, San Diego, CA) continuously present. The CPP apparatus (63 cm ϫ 30 cm ϫ 30 cm) consisted of three chambers divided by Plexiglas sliding doors (AccuScan Instruments, Inc., Columbus, OH); two large conditioning chambers (25 cm ϫ 30 cm ϫ 30 cm) separated by a small center chamber (13 cm ϫ 30 cm ϫ 30 cm). Each chamber had distinct, yet neutral, visual and tactile cues. One conditioning chamber had vertical stripes on the walls and the other had horizontal wall stripes. Each chamber contained either a textured floor with a smooth plastic rectangle glued to the center of the floor or an alternately textured floor with a six-well overturned paint dish glued to the center of the floor. The two types of floors were randomly assigned to each conditioning chamber. The center chamber contained solid white walls and a smooth slightly raised platform floor. Time spent in each chamber and motor activity was monitored via two sets of photobeams (24 in the horizontal plane and 12 vertical).
Conditioned Place Preference
The rats were transported from the animal housing room to the adjacent test room at least 30 min prior to the start of the experiment for habituation. Rats were subjected to a 30-min pretest (refer to the timeline in Figure 1a ) which verified that there was not a significant "preference" for either chamber (data presented in Results); however, individual rats tended to spend more time in one chamber compared to the other. Thus, for conditioning, rats were administered Meth (1 mg/kg) in the chamber in which they spent the least amount of time during the pretest (i.e., individual rats spent an average of 65% and 28% of time in each chamber). The dose of 1 mg/kg has been used to reliably produce Methinduced CPP in a variety of conditioning paradigms (DeMarco et al., 2009; Herrold et al., 2009; Voigt et al., 2011; Xu et al., 2006; Yang et al., 2008) . For the current study, conditioning occurred over six days. We previously determined that the order of the Meth versus saline pairings does not influence CPP outcomes (Voigt et al., 2011) ; thus, Meth was paired with a unique context (i.e., chamber) on Days 1, 3, and 5 and a saline (1 ml/kg) was paired with a different context on Days 2, 4, and 6. Pairing occurred immediately after each injection and lasted for 45 min. In order to confirm that the preference developed, a drug-free CPP test was conducted on Day 9 (termed CPP Test; Figure 1a ). For this test, rats were placed into the center chamber and the sliding doors were immediately removed allowing free access to the entire CPP box. The test session lasted 30 min and time spent in each chamber was determined. Rats that did not increase time spent in the Methpaired chamber on the CPP Test compared to the same chamber during the pretest by at least 10% (180 s) were excluded from the studies. Culling rats based on the "robustness" of the preference has been used previously (Brenhouse & Andersen, 2008; Guo et al., 2008; Paolone et al., 2009) to assure that only those rats who clearly acquired the task were subsequently examined for the ability of various interventions to modify the extinction of previously established preference. Thus, this approach was used to determine the potential of the GABA B agonist baclofen to facilitate the extinction of previously established, and robust, CPP. Rats were assigned to either the baclofen or baclofen vehicle treatment group such that the magnitude of the preference during the initial CPP Test was approximately equal between the two groups. Each extinction cycle consisted of six consecutive once-daily forced extinction sessions (45 min) followed by a CPP test three days later (referred to as the "Extinction Test," [Ext Test]; Figure 1a) . The once-daily forced extinction sessions consisted of pairing a saline (1 ml/kg) treatment with each chamber for 45 min (termed "Pre-Training Injection"; Figure 1a) , alternating between the previously Meth-or saline-paired chamber (as done during conditioning), a commonly used approach for forced extinction training (Heinrichs et al., 2010; Mueller & Stewart, 2000; Schroeder & Packard, 2004) . Immediately after each daily extinction session, baclofen vehicle (1 ml/kg) or baclofen (2 mg/kg) was administered (termed "Post-Training Injection"; Figure 1a ) and rats were returned to the home cage. Four extinction cycles (each including six once-daily forced extinction sessions and the Ext test) were conducted (Figure 1a) .
Statistical Analysis
A two-way repeated measures ANOVA was employed using the within group factor of chamber and the repeated measure of test. Post-hoc Newman-Keuls was used to identify between chamber differences; and significant preference was achieved when time spent in the Meth-paired chamber was significantly greater than time spent in the saline-paired chamber for any CPP/Ext Test. This approach has been used by Stewart and colleagues for similar evaluations (Botreau et al., 2006; Paolone et al., 2009) . All data are presented as mean Ϯ standard error of the mean (SEM). Statistical outliers were determined as those rats that spent greater than two standard deviations above or below the mean time spent in any chamber during any of the CPP or Ext tests (NIST/SEMATECH, 2011; Voigt et al., 2011) . A drug-free pretest was conducted and rats were assigned to receive Meth in the chamber in which the least amount of time was spent during the pretest. Conditioning occurred on Days 1-6. A drug-free CPP test was conducted on Day 9 to verify the development of CPP. Daily extinction sessions consisted of a saline injection prior to being placed into either the previously saline-or Meth-paired chamber. Immediately following each extinction training session, baclofen vehicle or baclofen was administered, and the rats were returned to the home cage. Each 6-day extinction cycle was followed 3-days later by a drug-free test for preference (denoted Ext Test 1-4, on protocol Days 18, 30, 46, and 55). M, methamphetamine (1 mg/kg); S, saline (1 mg/kg); Veh, vehicle (0.9% saline, 1 ml/kg); Bac, baclofen (2 mg/kg); Ø, no drug. (b) Meth-induced CPP (expressed on protocol Day 9) was not altered by extinction sessions accompanied by vehicle administration; significant CPP was expressed on the CPP Test and through Ext Test 4 (Vehicle, n ϭ 10). (c) The initial CPP Test validated that rats expressed a preference prior to initiating extinction training. The preference evident during the CPP Test was not present after the first extinction cycle with baclofen (Baclofen, n ϭ 11). Post hoc Newman-Keuls was used to determine between chamber differences ‫ءء‬ p Ͻ .01. Solid line, time spent in the Meth-paired chamber; dashed line, time spent in the saline-paired chamber; gray line, time spent in the center chamber.
Results
Results of the 30-min pretest demonstrated that, before conditioning, as a group rats spent approximately equal amount of time in each chamber (48% and 45% in each chamber; paired t test, p ϭ .652; n ϭ 40). After conditioning (CPP Test, Day 9), rats expressed a significant preference for the Meth-paired chamber compared to the saline-paired chamber (time spent in the Meth-paired chamber, 958 Ϯ 41s vs. time spent saline chamber 672 Ϯ 43 s; paired t test, p ϭ .0003; center chamber time was 170 Ϯ 8 s; n ϭ 40). Of the 40 total rats, 28 met the learning criteria detailed in the methods, and these rats with a strong preference for the Methchamber (i.e., robust learners) were subsequently assigned to receive either baclofen or baclofen vehicle in order to assess the ability of baclofen to facilitate the extinction of Meth-induced CPP. Rats that were outliers for any of the tests (CPP Test-Ext Test 4) were excluded for all tests (n ϭ 7); thus, a total of 10 and 11 rats were included in the baclofen vehicle and baclofen groups, respectively.
Significant preference was expressed on CPP Test and it persisted through four extinction cycles when vehicle was administered in conjunction with extinction training (n ϭ 10, Figure 1b) . A two-way repeated measures ANOVA revealed a significant effect of chamber (F (1,18) ϭ 15.966, p ϭ 0.001) but no effect of Test (F (4,72) ϭ 0.022, p ϭ .999) and no chamber ϫ test interaction (F (4,72) ϭ 1.011, p ϭ .407). A post hoc Newman-Keuls test revealed significant place preference (significantly greater amount of time spent in the Meth-paired than the saline-paired chamber) for the CPP test and all subsequent extinction tests (Figure 1b ; p Ͻ .05 or p Ͻ .01). In contrast, baclofen administered immediately after each daily extinction session (cycles 1-4), nullified previously acquired preference for the Meth-paired chamber (n ϭ 11; Figure 1c , Ext Test 1-4). A two-way repeated measures ANOVA of data obtained during the CPP Test through Extinction Test 4 revealed a significant chamber ϫ test interaction (F (4,80) ϭ 2.799, p ϭ 0.031) with no effect of chamber (F (1,20) ϭ 2.950, p ϭ 0.101) or test (F (4,80) ϭ 0.057, p ϭ .994). A post hoc Newman-Keuls test revealed significant preference for the Meth-paired chamber compared to the saline-paired chamber only during the CPP Test ( p Ͻ .01). Although time spent in the center chamber was not included in the statistical analyses reported above, we verified that this did not significantly change for either treatment group during any of the preference tests (CPP Test through Ext 4) (one-way ANOVA; vehicle treated rats F (4,45) ϭ 1.300, p ϭ .284, baclofen treated rats F (4,50) ϭ 1.185, p ϭ .329).
Motor activity was monitored during each of the preference tests (CPP and Ext Tests). Examination of these data revealed no significant between-group differences during any test for horizontal or vertical activity (movements in the horizontal and vertical plane, respectively, as measured by photobeam breaks) (Student's t test, p Ͼ .05; Table 1 ).
Discussion
The Meth-induced preference observed in the current study was highly resistant to extinction; repeated reexposure to the chambers over four extinction cycles did not extinguish the Meth-induced preference in vehicle treated rats. We contend that this likely reflects the robust rewarding effects of Meth, and the strength of the learned association between Meth-reward and the Meth-paired context. As Meth conditioning was conducted in the initially "nonpreferred" chamber, the idea that this preference may also reflect a Meth-induced reduction in anxiety cannot be definitively ruled out. However, when treatment is sufficiently robust to alter anxiety-like behaviors, stimulants are anxiogenic (Cancela et al., 2001; Olausson et al., 2000) and we have determined in a separate study, that the Meth dose and treatment paradigm employed here does not alter anxiety as measured by the elevated plus maze (unpublished results). Thus, while we postulate that CPP generated in the current paradigm largely reflects transference of Methreward salience to the Meth-paired context, future studies that more fully characterize the contribution of anxiety will aid in this interpretation.
Baclofen administration immediately after chamber reexposure inhibited the preference for the Meth-paired chamber after only one extinction cycle (Extinction Test 1). This inhibitory effect was produced even in those rats which demonstrated robust preference during the initial CPP Test. Motor activity was not significantly altered by repeated baclofen treatment; thus, the place preference results do not reflect a change in the capacity of rats to successfully execute the task. These findings indicate that augmenting GABA B receptor signaling facilitates the extinction of Meth-induced CPP.
These results corroborate the recent publication by Heinrichs and colleagues (Heinrichs et al., 2010) which demonstrates that baclofen facilitates the extinction of morphine-induced CPP in mice . This suggests that baclofen is working via mechanisms that are mutually engaged during the extinction of morphine-and Meth-induced CPP. During extinction training, rats were reexposed to contextual cues (i.e., the conditioning chambers) that were previously associated with Meth-as well as those paired with saline. Reexposure to cues associated with Meth (Chiang et al., 2009; Rhodes et al., 2005) and morphine (Guo et al., 2008; Schroeder et al., 2000; Schroeder et al., 2003; Schroeder & Kelley, 2002) increases neuronal activity which may reflect hyper- responsive glutamatergic (Bell et al., 2000; Hotsenpiller et al., 2001 ) and/or dopaminergic (Lin et al., 2007) neurotransmission. GABA B receptors blunt glutamatergic (Lei & McBain, 2003; Porter & Nieves, 2004; Yamada et al., 1999) and dopaminergic (Santiago et al., 1993a; Santiago et al., 1993b; Smolders et al., 1995; Westerink et al., 1996) neurotransmission. Thus, GABA B receptor activation is a credible mechanism by which baclofen may facilitate the extinction of Meth-induced CPP (current study) and for the extinction of opiate-induced CPP (Heinrichs et al., 2010) . Extinction of a memory is believed to involve new learning; the new memory becomes stronger than the previously established memory resulting in a different conditioned response (Quirk & Mueller, 2008) . Forming new memories requires memory consolidation, a process which can be facilitated by augmenting glutamatergic neurotransmission (Ungerer et al., 1998) ; the extinction of cocaine-induced CPP is enhanced by administering a glutamate receptor (mGluR5 receptor) positive allosteric modulator prior to extinction training (Gass et al., 2009 ) or a NMDA receptor agonist immediately after extinction training (Botreau et al., 2006 ). In the current study, baclofen was administered immediately after each daily extinction session (i.e., after reexposure to the saline-or Meth-paired chamber), thus the effects of baclofen may have enhanced the consolidation of the extinction memory. Although not typically thought of as having beneficial effects on memory, the GABA B receptor agonist baclofen improves passive avoidance learning when administered immediately after training (Georgiev et al., 1988; Saha et al., 1993) and recognition memory deficits induced by repeated Meth administration when administered prior to training (Arai et al., 2009 ). Counter to this interpretation are reports that GABA B receptor activation blunts glutamatergic (Lei & McBain, 2003; Porter & Nieves, 2004; Yamada et al., 1999) and dopaminergic (Santiago et al., 1993a; Santiago et al., 1993b; Smolders et al., 1995; Westerink et al., 1996) neurotransmission. This would serve to inhibit rather than facilitate memory consolidation. Antagonism of NMDA glutamate receptors impairs the extinction of fear conditioning (Liu et al., 2009) as well as the extinction of cocaine self-administration (Feltenstein & See, 2007) and dopamine receptor antagonists impair extinction of fear conditioning (Hikind & Maroun, 2008; Holtzman-Assif et al., 2010) . Therefore, while baclofen has been reported to have positive influences on memory consolidation, the negative regulation of glutamate and dopamine does not account for the extinction facilitating effects observed for this agonist in the current study.
Extinction of a previously established memory can occur when a memory is recalled (which makes the memory labile and sensitive to disruption) but not successfully reconsolidated (Bevilaqua et al., 2008; McGaugh, 2000; Taylor et al., 2009; Tronson & Taylor, 2007) . Inhibiting reconsolidation as a practical means to reduce cue-induced cocaine seeking has been successfully demonstrated (Lee et al., 2005; Lee et al., 2006) . GABA B receptorinduced decrease in glutamatergic neurotransmission (Harte & O'Connor, 2005; Lei & McBain, 2003; Porter & Nieves, 2004; Yamada et al., 1999) likely blunts memory reconsolidation, as administration of an NMDA receptor antagonist inhibits reconsolidation of cocaine-induced CPP memory (Brown et al., 2008; Itzhak, 2008) . No effect on memory extinction has been observed with dopamine antagonism (Yim et al., 2009 ) however, such antagonism has been reported to facilitate the extinction of conditioned fear (an effect that may be attributed to reconsolidation) (Ponnusamy et al., 2005) . In the current protocol, we cannot determine if baclofen is enhancing extinction learning or inhibiting memory reconsolidation, an issue made more difficult by the fact that these processes have many overlapping mechanisms (Alberini, 2005) . These avenues need further exploration to determine how baclofen is facilitating the extinction of Meth-induced CPP.
In summary, we have found that baclofen administered in conjunction with extinction training resulted in rapid and complete extinction of Meth-induced CPP. This exciting study provides insight into the role of the GABA B receptor in memory processes engaged after reexposure to salient drug-associated contextual cues and may be of value as an addiction therapy for abstinent, Meth-addicted individuals.
